Background Hepatotoxic reactions are an important identified risk listed in the agomelatine risk management plan. This postauthorisation safety study evaluated the effectiveness of additional risk-minimisation measures (aRMMs) for agomelatine. Objective The objective of this study was to evaluate, among physicians prescribing agomelatine and their patients, liver function monitoring adherence, compliance with contraindications and patients' reasons for non-compliance with liver monitoring. Methods A non-interventional cohort study was conducted among adults initiating agomelatine in routine clinical practice in Denmark, France, Germany and Spain through a retrospective medical record abstraction (MRA) before and after implementation of aRMMs and a cross-sectional patient survey. Results Fifty-four sites contributed data on 437 and 404 patients in the before-and after-RMM periods, and 237 patients completed the survey. No patient had cirrhosis in either study period; 98.2% of patients in the before-and 98.0% in the after-RMM period had no active liver disease reported at initiation or during treatment. Compliance to contraindicated medications was > 99% in both periods. The adherence to the liver-monitoring regimen was similar in both periods (15.1% before RMM and 16.3% after RMM). In the after-RMM period, 25.2% of patients had a liver test before or at treatment initiation; 61.5% had a liver test during treatment. Among patients surveyed who did not have a blood test before treatment initiation or during treatment, the most frequently cited reason was a test ordered but not yet performed. Conclusions The overall adherence to liver-monitoring recommendations remained weakly influenced by aRMMs. However, patients treated with agomelatine are in compliance with relevant contraindications.
Introduction
Agomelatine (Valdoxan ® /Thymanax ® ) is a melatonergic agonist (MT1 and MT2 receptors) and a serotonin 5-HT 2C receptor antagonist indicated for major depressive episodes in adults. Agomelatine is covered by a European risk management plan identifying hepatotoxic reactions as an important identified risk. In randomised clinical trials (RCTs) of ≥ 9500 patients, 1.3% of patients treated with agomelatine 25 mg and 2.5% of patients treated with agomelatine 50 mg showed elevated transaminases > 3 times the upper limit of normal (ULN), compared with 0.5% with placebo. Hepatic reactions in RCTs consisted mainly of asymptomatic reversible transaminase elevations, observed within the first months of treatment with no case of severe hepatic dysfunction [1] . In the initial marketing authorisation (MA) for agomelatine in 2009, risk-minimisation measures (RMMs), including contraindications in patients with hepatic impairment (i.e. cirrhosis or active liver disease), precautions of use, liver testing at initiation and at 6, 12 and 24 weeks after initiation, and a physician's guide to prescribing, were requested to minimise the risk of hepatotoxicity. Since MA, spontaneous cases of hepatic events, including cases of severe hepatic dysfunctions, have been reported. The RMMs were expanded in 2012 and 2013 to include liver testing 3 weeks after treatment initiation and in the event of dosage increase, and contraindication in patients with transaminases > 3 × ULN.
Updated physicians' guides were distributed in Europe, and Dear Health Care Provider (DHCP) letters were sent in 2012 and 2013. In 2014, suboptimal adherence to liver monitoring at initiation and during treatment were observed in a prospective observational cohort study. Based on these results, together with updated post-marketing data, the European Medicines Agency (EMA) Pharmacovigilance Risk Assessment Committee (PRAC) requested additional RMMs (aRMMs). The aRMMs specified that liver testing required at treatment initiation had to be performed before the start of agomelatine treatment, such that liver function would be monitored before treatment and at 3, 6, 12 and 24 weeks. The message regarding precautions of use in patients with risk factors for hepatic injury or contraindicated co-medications (fluvoxamine and ciprofloxacin) was also reinforced [2] . The prescriber guide was then distributed twice a year, and a patient booklet was introduced and distributed to patients by their prescriber. The booklet was intended to inform patients of the potential for liver toxicity and of liver-monitoring requirements, with the aim of promoting patients' active role in adherence to the monitoring programme.
This post-authorisation safety study (PASS) was required [2] to assess the effectiveness of the aRMMs in terms of adherence to liver monitoring and compliance with relevant contraindications (via a medical record abstraction [MRA] ) and evaluate reasons for non-compliance with liver function monitoring from the patient's perspective (via a survey).
Methods

Study Design and Setting
This non-interventional cohort study collected data from adult patients initiating agomelatine treatment in routine clinical practice in Denmark, France, Germany and Spain. The selection of countries was driven by the sales volume of agomelatine in Europe, the distribution of prescriptions according to specialties and practice settings, and the desire for a diverse geographic representation of European countries. Figure 1 presents an overview of the study scheme. The prescriber's guide and the patient booklet were disseminated in countries participating in this study from December 2014 through July 2015. The study comprised two independent components: a retrospective MRA and a cross-sectional patient survey. The MRA included two periods. The 'before-RMM' period collected information from January 2013 to November 2014, corresponding to a time period before adoption of the latest aRMMs. The 'after-RMM' period (February-August 2015 to November 2016) captured information beginning 1-2 months after the latest implementation of the new aRMMs through to the month before study activities were initiated. Recruitment of patients for the survey was performed in a cross-sectional manner.
Physicians were sampled from lists of more than 19,000 general practitioners (GPs) and psychiatrists. The distribution of the targeted physicians aimed to reflect prescribing patterns in each country, with 60 active centres planned overall. Eligible physicians had at least five patients per study period for GPs and eight patients for specialists. To achieve a balanced representation across settings and specialties and to avoid cluster effects, the number of patients per centre and period was limited to ten for GPs and 15 for specialists. Centres began recruiting patients once all appropriate approvals were received.
Study Population
Eligible patients were aged ≥ 18 years at treatment initiation and were not participating in a clinical trial of agomelatine.
For the MRA, eligible patients had initiated agomelatine during at least one of the study periods and provided written informed consent (except in France, where not objecting to the processing of the personal data was acceptable for the MRA). Patients with documented use of agomelatine in the 6 months before the first recorded prescription in a study period were ineligible. All eligible patients were identified and received information on the study, and sites were instructed to collect the data of the first ten or 15 patients who returned their signed informed consent. Overall, 600 patients were initially targeted for each period. However, according to the calculated precision estimates, a study size of 400 patients per study period was considered acceptable to meet the study objective (Electronic Supplementary Material, Figure S-1) , with an absolute precision of 6% for the worst precision scenario of 50% adherence to liver testing recommendations, yielding a 95% confidence interval (CI) of 44-56.
For the survey, patients were recruited and completed the questionnaire during a routine visit. Eligible patients had initiated treatment with agomelatine after the dissemination of the patient booklet in each country (corresponding to the after-RMM period), were currently using or had discontinued agomelatine no more than 3 months before the survey date, and provided written informed consent. Overall, 400 patients were targeted, but a study size of 300 was considered acceptable to meet the survey objectives.
Study Variables
For the MRA, data were abstracted on patients' characteristics, including co-morbidities and medications, agomelatine prescription, and timing and results of liver function tests.
For the patient survey, data were collected on patients' characteristics, agomelatine treatment, receipt of the patient booklet, knowledge of the key liver safety information, performance of liver testing and reasons for non-compliance (if applicable).
Statistical Analyses
All statistical analyses were performed using SAS ® version 9.4 (SAS Institute, Cary, NC, USA).
Frequency distributions for categorical variables and summary statistics for continuous variables were calculated. Analyses were conducted by country and overall.
Data on agomelatine treatment duration were derived from prescription dates and drug supply information. Considering the observational study design and the possibility for missing data, two treatment duration definitions were used: theoretical and empirical. The theoretical treatment duration-the more conservative approach-was calculated from the first prescription start date to the earliest date among end date of the last prescription, discontinuation date or end of the concerned study period. For the dose-escalation analysis, the theoretical treatment duration before dose escalation was derived from the start date of the first prescription to the start date of the first dose-escalation prescription. After dose escalation, the theoretical treatment duration was calculated from the start date of the dose escalation to the earliest date among end of the last prescription, discontinuation date or end of study period.
The empirical duration was similarly defined but accounted for treatment overlap and treatment stopping. Specifically, for any two consecutive prescriptions that overlapped, the later prescription was shifted such that its start date was the day after the end date of the previous prescription, and the overlapping days of supply were added at the end. If a gap > 30 days occurred between any two consecutive prescriptions, then the first of these two prescriptions was the last to be considered (i.e. all later prescriptions, including dose escalations, were discarded). If a gap of ≤ 30 days occurred between any two prescriptions, then treatment was considered uninterrupted. Because the results using theoretical and empirical duration definitions were similar due to the small number of patients with prescription gaps > 30 days, only the results using the theoretical duration are presented.
The primary analysis evaluated adherence to one pretreatment test plus at least one test during treatment, considered the minimum number of tests necessary to evaluate potential liver toxicity. For this analysis, adherence was defined as the proportion of patients with at least one liver test performed between 4 weeks before and 3 days after treatment initiation (M1 criterion) and at least one test performed during treatment from 2 to 28 weeks after treatment initiation (M2 criterion). The secondary analysis performed a more focused evaluation on full adherence to the actual liver monitoring required. In the secondary analysis, adherence was defined with a stricter composite criterion, combining the test before initiation (S1 criterion, using a time window identical to the M1 criterion) but also requiring the performance of all tests required during treatment (S2 criterion; detailed time windows are provided in Table 1 ) in patients without or until dose escalation. In patients with dose escalation, adherence was studied using a composite criterion combining at least one test before dose escalation (E1 criterion) and one test after dose escalation (E2 criterion). Prevalence of adherence and 95% CIs were estimated for both treatment duration definitions. The difference of the estimated prevalence of adherence between both periods and its 95% CI was calculated. The 95% CI for the difference was calculated using the Wilson score method for difference in proportion [3] . For primary and secondary analyses, a Pearson's Chi-square or Fisher's exact test was used to test the differences in proportions between the two study periods [4] . Planned sensitivity analyses assessed the impact of the shared care management (when a patient was not managed only by the enrolling physician) on missing data and the prevalence of adherence to the liver monitoring.
Results
A total of 19,301 physicians were invited by telephone, mail or e-mail to participate in the study. Of these, 91.4% were non-responsive and 7.6% refused to participate. Of the 191 physicians (1.0% of those contacted) who initially expressed interest in participating, 63 were contracted and trained for the study. Of these, 54 physicians became active sites (21 GPs and 33 specialists) and recruited 437 patients in the before-RMM period and 404 patients in the after-RMM period of the MRA (35 patients contributed data to both periods). Owing to recruitment challenges and the aim to meet the regulatory agreed timelines for study completion, the target samples of 600 patients by period were not reached, but the study size was considered sufficient to meet the study objective. Females represented 65.7% of patients in the before-RMM and 67.3% in the after-RMM period. The largest proportion of patients was aged 46-65 years (49.4% and 45.0% in the before-and after-RMM period, respectively). Patient characteristics were similar between periods (Electronic Supplementary Material, Table S-1). Shared care was reported for 19.7% of patients in the before-RMM period and 23.8% in the after-RMM period. According to theoretical treatment duration, 66.6% of patients in the before-RMM period and 72.5% in the after-RMM period had at least one liver function test performed by a physician at the recruiting practice, and 21.7% in the before-RMM period and 26.0% in the after-RMM period had at least one liver function test performed by a physician outside the recruiting practice. Further, 9.6% of patients in the before-RMM period and 10.4% in the after-RMM period had liver tests ordered but not performed. Overall, 72.5% of patients in the before-RMM period and 79.5% in the after-RMM period had liver function test results that had complete dates for all reported tests.
For the survey, 254 patients were approached; 237 (93.3%) completed the survey, of whom 62.9% were female. The largest proportion of patients (47.3%) was in the group aged 46-65 years.
Compliance with Contraindications and Precautions of Use
Based on data recorded in the medical records, no patient in either the before-RMM or after-RMM period had records of cirrhosis at initiation or during agomelatine treatment. Overall, 98% of patients in each period were free of any chronic or acute liver disease at initiation or during agomelatine treatment (Table 2) . Compliance with contraindicated medications (fluvoxamine and ciprofloxacin) was above 99% in both study periods (Table 2) . No patients with a liver test before or at initiation had a transaminase result > 3 × ULN.
Regarding co-morbidities identified as risk factors for hepatic injury and precautions of use, 99% of patients in either period had no records of non-alcoholic fatty liver disease and approximately 95% had no alcohol use disorder and no diabetes mellitus (either type 1 or type 2). Approximately 81% were not reported by physicians as either obese or overweight (Table 3) ; however, the proportion of patients with a calculated body mass index (BMI) ≥ 25, corresponding to overweight or obesity, was 36.8% in the before-RMM period and 36.4% in the after-RMM period (BMI was missing for approximately 30% of patients in either study period).
Adherence to Liver-Monitoring Recommendations
In the primary analysis, based on theoretical treatment duration, the percentage of patients with at least one test before or at initiation and during agomelatine treatment was similar in both study periods (before- 
]).
Compliance to testing before treatment (S1 criterion) was identical to the M1 criterion. With the S2 criterion, each test required during treatment was performed in approximately 30% of patients in either study period (Electronic Supplementary Material, Table S-2). Among patients with dose escalation, adherence to liver-monitoring recommendations increased between study periods from 20.7% (95% CI 12.3-32.8) to reach 39.7% (95% CI 28.1-52.5) in the after-RMM period.
Patient Survey Results
Of the 237 patients surveyed, 72.6% were aware of the potential liver adverse effects of agomelatine and 84% were informed about the liver-monitoring requirement. The patient's physician was the primary source of information about agomelatine risks for 76.5% of patients of GPs and 79.9% of patients of specialists (data not shown).
Overall, 182 patients (76.8%) completing the survey indicated that they had a blood test before starting treatment with agomelatine (data not shown); 63.2% of them identified that the test was to check liver function. In addition, 194 patients (81.9%) indicated they had a blood test during treatment with agomelatine; 78.4% of them identified that the test was to check liver function. The most frequent reason patients cited for not having a blood test performed before agomelatine treatment initiation (23 patients) or while on treatment (18 patients) was that the test was ordered but not yet performed (Electronic Supplementary Material, Table S-3).
Discussion
This study aimed to assess the effectiveness of the aRMMs for agomelatine introduced following the EMA evaluation in November 2014, in terms of adherence to the livermonitoring test requirements and compliance with relevant contraindications. Overall, adherence to the liver-monitoring recommendations did not improve after the implementation of the aRMMs, except for those required at dose escalation. However, the study showed that the contraindications and precautions of use were largely followed even before the updated prescriber guide and dissemination of the patient booklet, potentially indicating that physicians are aware of the hepatic risk related to agomelatine and, more importantly, appropriately exclude patients at high risk of hepatic injury.
Approximately 60% of patients had at least one liver test during treatment, and each of the tests required at specific timepoints during treatment was performed in approximately a third of patients still on agomelatine. The percentage of patients who had all required liver tests (at initiation and The theoretical treatment duration was used to determine whether a condition or medication occurred at initiation or during the treatment ALT alanine transferase, AST aspartate transferase, RMM risk-minimisation measure, ULN upper limit of normal a Date of diagnosis was incomplete, which means that it was not possible to verify concomitance with agomelatine exposure Medical conditions or medications present at initial agomelatine prescription and/or that occurred while taking agomelatine during treatment) was approximately 7% in both periods. The improvement in adherence to liver monitoring in patients with dose escalation suggests that prescribers are aware of the increased risk with the 50 mg dose. The study did not collect information from physicians on the reasons for ordering a liver test or not. Nevertheless, it may be hypothesised that liver tests are more frequently ordered in the most at-risk patients or situations.
The pre-/post-RMM approach of this study was appropriate to evaluate the immediate impact of short-term programmes (e.g. 12-18 months) such as RMMs [5, 6] . Limited improvements were observed between the study periods, suggesting that the aRMMs had a low impact; however, most RMMs, including contraindications, precautions of use and liver monitoring, were already in place in November 2014.
A recent systematic review of studies evaluating the effectiveness of RMMs highlighted common challenges in designing and conducting these studies, including low response rates, limited generalisability of results and inconsistencies in reporting [7] . More specifically, the challenges of conducting studies to evaluate RMMs around potential hepatic risk are recognised in the literature, and these studies have generally found suboptimal compliance with livermonitoring requirements [8] [9] [10] . Accordingly, the results of this study must be considered in view of several limitations. Similar to other RMM evaluations [11] [12] [13] , this study experienced recruitment challenges that made it difficult to draw robust conclusions [14] . A key consideration is that the study participation response rate for physicians was low (1%). We chose to use the most comprehensive lists of prescribers available to avoid the use of lists of prescribers affiliated with the sponsor to minimise the potential for selection bias. Further, obstacles in the identification of patients and the need to obtain patient consent and access and abstract medical records may have influenced physicians' participation. Despite all efforts to involve prescribers, the number of active sites was low, particularly in Denmark and for Spanish and German GPs, potentially affecting representativeness and generalisability of the findings. Dependence on existing medical records was further impacted by shared patient management (shared care), reported for 19.7% of patients in the before-RMM and 23.8% of patients in the after-RMM period. The percentage of patients with a missing or incomplete test result date was higher in patients with shared care than in patients with same care (i.e. 51.2% in the before-RMM period and 40.6% in the after-RMM period for at least one missing date with shared care vs. 31.1% and 29.5%, respectively, with same care). An additional impact of shared care was that some liver tests could have been done without the participating physicians' awareness or subsequent record in the patient's file. Further, although formal comparisons were not conducted, results suggest that compliance was slightly higher in each study period for specialists than for GPs, but similar changes in liver test monitoring compliance were observed when comparing the after and before periods for these two groups. Finally, no conclusions can be drawn from the survey regarding the reasons blood tests were not performed, due to the low number of patients indicating that a blood test was not done at treatment initiation (n = 23) or while taking agomelatine (n = 18) and the diversity of answers (multiple answers were possible). However, despite its limitations, the survey indicated that nearly three-quarters of patients knew that liver problems could be potential adverse effects of agomelatine. Patients most frequently cited their physicians as a source of information about agomelatine (GP for 76.5% of GP patients and specialist for 79.9% of specialist patients), suggesting that physicians communicate with patients about agomelatine and its potential risks.
The PASS results should be considered alongside the results of two studies quantifying the risk of hospitalisation for acute liver injury with agomelatine versus other antidepressants [15] . A case-control study nested in a cohort of 3.2 million new users of antidepressants in Spain, Germany, Denmark and Sweden showed agomelatine was not associated with a higher risk of acute liver injury hospitalisation than citalopram. Similarly, a study conducted by the French Medical Agency (ANSM) in the French Health Insurance database (SNIIRAM) to evaluate the hepatotoxicity of antidepressants found no increased risk of serious liver injury associated with agomelatine relative to selective serotonin reuptake inhibitors [16] . These two studies, performed while the RMMs were in force, showed the risk of hepatotoxic reaction among agomelatine users is not higher than that for users of citalopram or other antidepressants. Additional assessments of the usefulness of the RMMs (patient booklet and prescriber's guide) are also planned. Results from these analyses are expected in the next Periodic Safety Update Report for agomelatine, anticipated in February 2021.
Conclusions
In this study to assess the effectiveness of the RMMs for agomelatine, overall adherence to liver-monitoring recommendations remained weakly influenced by the latest additional RMMs. However, 99% of patients were treated with respect to the relevant contraindicated co-morbidities (active liver disease and cirrhosis) and concomitant contraindicated medications. Adherence to contraindications, precautions of use and blood liver testing before and during treatment as specified in the Summary of Product Characteristics is essential when agomelatine is prescribed.
